Addition of Dlysine (Lys), L-tryptophan (Trp) and(or) 55 ppm carbadox (C) to low protein corn-soybean meal diets was evaluated in two experiments using 444 crossbred pigs. In Exp. 1, initial and final weights of pigs were 17.7 and 33.3 kg, respectively, for the 28 d experiment. Pigs fed the 13% protein diet containing added Lys (.17%) or Lys + C had average daily gains (ADG) similar to those fed the 16% protein diet (positive control group) and greater (P<.05) than those of pigs fed the 13% protein diet (negative controls). Pigs fed the 13% protein diets containing C had average daily feed intakes (ADFI) and ADG similar to those of pigs fed the 13% protein diet + Lys. Main effect comparisons among the 13% protein groups indicated that C increased (P<.05) ADFI and ADG and that Lys increased (P<.01) ADG and G:F ratio. In Exp. 2, the initial pig weight for the 28 d starter period averaged 7.4 kg. A 28 d grower period followed, in which the protein level was lowered 2% across treatments. The high and low dietary protein level sequences consisted of 18 and 15%, respectively, during the starter period followed by 16 gnd 13%, respectively, during the grower period. Lys and(or) Trp additions were also lowered from .18 and .05% to .15 and .04%, respectively. The overall 56 d performance indicated that pigs fed the low protein dietary sequence supplemented with either Lys or C had ADFI and ADG similar to those of the high 
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I ntroduction
Carbadox, a synthetic antibacterial compound, has been shown to promote growth in young pigs (Thrasher et al., 1969; Yen et al., 1976; Moser et al., 1980; Veum et al., 1980) . The mode of action whereby carbadox stimulates weight gain of pigs has not been established. With a corn-soybean meal diet, an increased apparent digestion and retention of N in pigs fed carbadox was observed by Yen et al. (1976) . Because a typical corn-soybean meal diet is first limiting in lysine for young pigs (Baker, 1973) , it is not clear whether an overall protein sparing effect (C~'tron et al., 1952) or an increased availability of limiting amino acid(s) in the corn-soybean meal diet is responsible for this improved apparent N utilization by carbadox. The present study was conducted to evaluate the lysine and(or) tryptophan sparing effect of carbadox in low protein corn-soybean meal diets fed to young pigs.
Experimental Procedure
Two experiments were conducted using 120 and 324 pigs for Exp. 1 and 2, respectively. In 1099 JOURNAL OF ANIMAL SCIENCE, Vol. 55, No. 5, 1982 both experiments, pigs were allotted based on litter, sex and weight utilizing four weight groups. All pigs were housed in an environmentally regulated nursery with total slotted concrete floor. Each pen (1.2 x 2.4 m) was equipped with a self-feeder and a nipple waterer. Pig weights and feed consumption were recorded biweekly.
Exp. I. Four replicates of six crossbred pigs each weighing 17.7 kg initially were self-fed one of the five corn-soybean meal dietary treatments for 28 d. The basal high protein (G1) and low protein (G2) diets are shown in table 1. The high protein diet, G1, was formulated to contain 16% crude protein and .75% lysine (Lys) on a calculated basis (NRC, 1969) . The low protein diet, G2, contained 13% protein and .52% Lys on a calculated basis. Baker et al. (1975) and Easter and Baker (1980) have shown that the dietary Lys requirement of young pigs decreases .02% for each 1% decrease in thelevel of dietary protein when protein level is reduced by replacing soybean meal with crystalline L-lysine. Thus, a reduction in the dietary protein level of 3% (from 16 to 13%) should reduce the Lys requirement by .06%. Therefore, .17% of synthetic Lys (.22% L-Lys-HCI) was added to diet G2 to make diet G3 which contained 13% protein and .69% Lys as shown in table 2. Diet G4 was made by adding 55 ppm carbadox (C) to diet G2. The supplementation of diet G2 with both .17% Lys and 55 ppm C produced diet GS.
Exp. 2. Trials 1 and 2. The same eight dietary treatments were used in both trials. The basal high and low protein diets fed during the starter and grower periods are shown in table 1. Each treatment had four replicates/trial with four crossbred weanling pigs (7.6 kg initially)/ replicate in trial 1 and six pigs (7.2 kg)/replicate in trial 2. All pigs were self-fed for 56 d. The periods from d 1 to 28 and 29 to 56 were designated as the starter and grower periods, respectively. The high protein starter diet, $1, was formulated on a calculated basis (NRC, 1969) to contain 18% protein, .96% Lys and .23% tryptophan (Trp). The low protein starter diet, $2, was calculated to contain 15% protein, .72% Lys and .18% Trp. Diets $3 through $8 were diet $2 supplemented with .18% Lys (.23% L-Lys'HC1), .05% Trp and(or) 55 ppm C either singly or in combination as shown in table 3. During the grower period, the protein level of all diets was reduced by 2%. Thus, the high protein grower diet, G1, contained 16% protein, .75% Lys and .19% Trp. The low protein grower diet, G2, contained 13% protein, .52% Lys and .15% Trp. The additions of .17% Lys, .04% Trp and(or) 55 ppm C to the remaining grower diets are shown in table 5. The method of Lys supplementation of the low protein diets during the starter and grower periods was as described for Exp. 1, while Trp was added to bring the total calculated Trp level to that of the high protein positive control diets.
The basal diets were subjected to proximate (AOAC, 1970) and amino acid (Benson and Patterson, 1971) analyses as shown in table 1. The samples were hydrolyzed under N with 6N HC1 for 22 h at 110 C before amino acid analysis by automated cation exchange chromatography. Performic acid oxidation preceded the hydrolysis when analyzing for cystine and methionine. Tryptophan was determined by the colorimetrir method of Spies and Chambers (1949) . The values in table 1 All data were subjected to a one-way analysis of variance (Steel and Torrie, 1960) using the statistical analysis system of Barr et al. (1979) . The F protected LSD was used to test treatment means, while appropriate main effects and interactions were tested with orthogonal contrasts (Barret al., 1979) . Each pen of pigs was considered an experimental unit for the statistical analysis.
Re~olts
Exp. I. As shown in table 2, pigs fed either the 13% protein + carbadox (C) diet (G4) or the 13% protein + C + Lys diet (G5) had average daily feed intakes (ADFI)that were greater (P<.05) than those of pigs fed the 13% protein negative control diet (G2), while pigs fed the 16% protein positive control diet (G1) or the 13% protein + Lys diet (G3) were intermediate. Pigs fed either the 13% protein + Lys diet or the 13% protein + C + Lys diet had average daily gains (ADG) similar to those fed the 16% protein positive control diet and greater (P<.05) than those fed the 13% protein negative control diet. Also, the G:F ratios for pigs fed the 13% protein + Lys and the 13% protein + C + Lys diets were greater (P<.05) than those obtained for pigs fed the 13% protein negative control diet. Pigs fed the 13% protein + C diet had an Z ADG that was similar to those fed the 13% protein + Lys diet, while the G:F ratio was similar to that of pigs fed the 13% protein diet (negative control group).
There was no C x Lys interaction (P>.10), o 00 thus, the C and Lys main effects are shown in ~q No treatment x trial ~: interactions (P>.05) were obtained for the starter or grower periods or overall. Thus, the ~ data for both trials were combined for presentation in tables 3 to 8.
The dietary regimen and performance of the pigs during the starter period are shown in table 3. Four-week-old weanling pigs fed the 15% protein diet ($2) had lower (P<.05) ADFI and ADG than pigs fed either the 18% protein diet (S 1) or any of the other 15 % protein diets supplemented with Lys, Trl0 and(or) 55 ppm C (diets $3 through $8). Pigs fed the 15% protein + Lys diet ($3) had performance similar to that of pigs fed the 18% protein diet. Pigs fed the 15% protein + C diet ($5) had greater (P<.05) ADFI and ADG than pigs fed the 18% protein, the 15% protein + Lys or the 15% protein + Lys + Trl0 diets (diet $5 vs diets $1, $3 and $4, respectively), although G:F ratio was similar among all four groups. The addition of Lys to the 15% protein + C diet ($6)further increased (P<.05) both ADG and G:F ratio. The 15% protein + C + Lys group also had a greater (P<.05) G:F ratio than either the 18% protein positive control or the 15% protein negative control groups.
The C • Lys and C • Trp interactions were not significant (P>.10) for any of the starter phase performance characteristics. The Lys + (G1) or any of the supplemented 13% protein diets (G3 through GS). Supplementing the 13% protein diet with Lys and(or) with or without Trp (diets G3 through GS) produced ADFI and ADG similar to those of pigs fed the 16% protein diet. Even though pigs fed the 13% protein + C diet (G5) had ADFI and ADG similar to those of pigs fed the 16% protein diet, the G:F ratio was greater (P<.05) for pigs fed the 16% protein diet.
There were no C x Lys or C x Trp interactions (P>.10) for any of the grower phase performance characteristics. The C, Lys and Trp main effect means for the grower phase are shown in table 6. Comparing the carbadox main effect means of the 13% protein diets without C (G2, 3 and 4) vs those of the 13% protein diets with C (G5, 6 and 8) indicated that C increased (P<.01) ADFI and ADG, but not G:F ratio. aNo carbadox X lysine or carbadox • tryptophan orthogonal contrast interactions (P>.10) were obtained for any of the characteristics. The lysine X tryptophan interaction could not be tested due to a missing cell (see table 3 ).
bOrthogonal contrasts consisted of dietary treatments $2, 3 and 4 vs $5,6 and 8.
COrthogonal contrasts consisted of dietary treatments $2,5 and 7 vs $3, 6 and 8. dNo tryptophan main effects (P>.10) were obtained for the characteristics tested. Orthogonal contrasts consisted of dietary treatments $3, 5 and 6 vs $4, 7 and 8.
e'fcarbadox or lysine main effect means in the same row with unlike superscripts are different (P<.01). g'hLysine main effect means in the same row with unlike superscripts are different (P<.05). (treatment 1), which were greater (P<.05)than those produced by the low protein dietary sequence (treatment 2), even though G:F ratio was similar among these groups 9 In addition, supplementation of the low protein dietary sequence with the combination of Lys + C (treatment 6) further increased (P<.05) ADG over that obtained with the high protein dietary sequence or that obtained with either Lys (treatment 3) or C (treatment 5) singly 9
The Overall 56 d C x Lys and C x Trp interactions were not significant (P>.10) for any of the performance characteristics. The overall 56 d C, Lys and Trp main effect performance means are shown in table 8. A comparison of the overall carbadox main effect means of the low protein dietary sequence without C (treatments 2, 3 and 4) vs those of the low protein dietary sequence with C (treatments 5, 6 and 8) indicated that C increased (P<.01) ADFI and ADG, although G:F ratio was the same for both groups. Comparing the overall Lys main effect means of the low protein dietary sequence without Lys (treatments 2, 5 and 7) vs those of the low protein dietary sequence with added Lys (treatments 3, 6 and 8) indicated that added Lys increased (P<.01) ADFI, ADG and G:F ratio. Comparing the overall Trp main effect means of the low protein dietary sequence without Trp (treatments 3, 5 and 6) vs those of the low protein dietary sequence with added Trp (treatments 4, 7 and 8) indicated that added Trp did not improve (P>.10) any performance characteristic.
Discussion
Lowering the dietary protein level of the corn-soybean meal diet 3% below the NRC (1979) requirement reduced the growth rate and appetite in young pigs. These effects apparently were caused by a Lys deficiency resulting from reducing the amount of soybean meal in the diet. Because Lys is the first limiting amino acid in corn-soybean meal diets (Baker et al., 1975) , replacing soybean meal with corn reduces the dietary Lys concentration and precipitates a Lys deficiency. Thus, supplementing the low protein diet with synthetic Lys corrects this deficiency and restores pigs performance. The present study also supports the concept of a reduction in the Lys requirement for young pigs as the dietary crude protein is reduced (Baker et al., 1975; Lunchick et al., 1978; Easter and Baker, 1980) . The lack bOrthogonal contrasts consisted of dietary treatments G2, 3 and 4 vs GS, 6 and 8.
COrthogonal contrasts consisted of dietary treamaents G2, 5 and 7 vs G3, 6 and 8. dNo tryptophan main effects (P>.lO) were obtained for the characteristics tested. Orthogonal contrasts consisted of dietary treatments G3, 5 and 6 vs G4, 7 and 8.
e'fcarbadox or lysine main effect means in the same row with unlike superscripts are different (P<.01).
g'hLysine main effect means in the same row with unlike superscripts are different (P<.05).
of additional benefit from adding Trp to the Lys supplemented low protein diets was not unexpected because the Trp level in the low protein diets was higher than that recommended .by 7qRC (1979) .
The stimulating effect of carbadox on weight gain and feed intake mimic that of Lys supplementation. A similar beneficial effect of Lys and virginiamycin supplementation on average daily gain in young pigs with 15 to 20 kg initial weight and fed a 12% protein diet has been reported by Jones and Pond (1963) . An additive effect of Lys + carbadox supplementation on weight gain was obtained in the starter period and overall (starter plus grower periods) in Exp. 2 (low protein diet + Lys vs low protein diet + Lys + C). No such additive effect was obtained with the older and heavier pigs in Exp. 1 or the grower period of Exp. 2. If it is assumed that carbadox possesses a Lys sparing effect for pigs fed the low portein diet, then the additive effect of Lys + carbadox obtained during the aHigh protein sequence of 18% followed by 16% and low protein sequence of 15% followed by 13%. Dietary treatments for the starter and grower phases are shown in tables 3 and 5, respectively.
' ' uletary treatment means in the same row with unlike superscripts are different (P<.05). aNo carbadox X lysine or carbadox X tryptophan orthogonal contrast interactions (P>. 10) were obtained for any of the characteristics tested. The lysine X trypt.ophan interaction could not be tested due to a missing cell (see table 7 ).
bOrthogonal contrasts consisted of dietary treatments 2, 3 and 4 vs 5, 6 and 8.
COrthogonal contrasts consisted of dietary treatments 2, 5 and 7 vs 3, 6 and 8. dNo overall tryptopban main effects (P>.10) were obtained for the characteristics tested. Orthogonal contrasts consisted of dietary treatments 3, 5 and 6 vs 4, 7 and 8. e'foverall carbadox or lysine main effect means in the same row with unlike superscripts are different (P<.01).
starter period of Exp. 2. suggests that the 18% protein diet was deficient in Lys for maximum performance of the 7.4 kg weanling pigs used in this study. The 18% protein diet was analyzed to contain .92% Lys instead of .96% as calculated. Lewis et al. (1979) reported a maximum response in 5.5 kg weanling pigs with 1.15 to 1.25% dietary Lys, although the NRC (1979) has recommended .95% Lys for 5 to 10 kg pigs.
These results further confirm other recent reports (Zivkovic and Zlatic, 1979; Moser et al., 1980; Veum et al., 1980) concerning the efficacy of carbadox (a synthetic antibacterial compound not used in human medication) in enhancing the performance of young, growing pigs. A survey of European Association of Animal Production member countries (Braude, 1978) revealed that carbadox was approved for use in swine feeding in 13 of the 19 European countries surveyed.
Even though there was some variation between the NRC (1969) values and the analytical values obtained for Trp, methionine + cystine and isoleucine in the basal diets, both the analytical and the published values for Lys and Trp support the results obtained in these experiments. Lysine was deficient in the low protein dietary sequence, while Trp was adequate based on the NRC (1979) nutrient requirements for young pigs.
